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Introduction
Surveys that take repeat measurements on the same individuals (panel or follow-up surveys) are often used to measure change in employment characteristics. This article is concerned with measurement error in such estimates of change and, specifically, how the error might be reduced by the use of dependent interviewing (DI) techniques. We use data from a large-scale experiment that involved two interviews at an interval of around 17 months and compare estimates of change that are obtained using three different interviewing techniques: traditional independent interviewing (INDI), proactive dependent interviewing (PDI) and reactive dependent interviewing (RDI).
The substantive variables that we examine represent three characteristics of the respondent's employment (occupation, employed status, and whether or not the respondent has managerial or supervisory responsibilities) and three characteristics of the employing organisation (industry, type of organisation, number of employees).
We focus on the estimation of change in each of these six characteristics.
After describing the data (section 2), we investigate whether estimated levels of change differ between INDI, PDI and RDI (section 3) and whether differences appear to be associated with different levels of measurement error (section 4). We further explore whether any differences are associated with certain characteristics of the employment (section 5) or of the respondent (section 6). We draw some conclusions regarding the effects of DI and point out some practical implications both for data analysts and for survey designers (section 7).
The Data
We use data collected in two interviews with a national sample of 1,034 persons interviews were carried out in respondents' own homes using computer-assisted personal interviewing (CAPI). We refer to the first interview as "wave 8" and the second as "ISMIE". Further details of the sample design and ISMIE field work can be found in Jäckle et al (2004) .
At wave 8, an identical survey instrument was administered to all sample members.
At the ISMIE interview, the sample was randomly allocated to three treatment groups that we refer to as the INDI, PDI and RDI groups. For the INDI group, the questions about employment were identical to those asked at wave 8. The PDI group were instead presented with the answer they had given at wave 8 and asked if this still applied. If they replied "no", the standard question was then asked. The RDI group were first asked the standard question, but this was followed up with a check question asking the respondent to confirm whether or not this represented a change since last time. For occupation and employer, the check question was asked of all RDI respondents, feeding back the answer given last time. For employee status, managerial status, and number of employees the check question was only asked if the answer given did not correspond with the answer given at wave 8. We are concerned here with estimates of change in employment details and our analysis is therefore restricted to the 434 ISMIE sample members who reported being in employment at both interviews.
Estimates of Change
We examine here three characteristics of the respondent's employment (occupation, employed status, whether the respondent has managerial or supervisory responsibilities) and three characteristics of his or her employing organisation (sector of industry, type of organisation, number of employees). We focus on the estimation of change in each of these characteristics.
For each characteristic, we constructed for each respondent an indicator of whether the characteristic appeared to have changed between the two survey interviews. The analysis is restricted to respondents who were in work at the time of both interviews.
The proportion of in-work respondents whose survey responses indicated change is presented in Table 1 for each of the three treatment groups (left-hand panel). 
Characteristics of respondent's occupation
The respondent's occupation is classified according to the Standard Occupational Classification (SOC) (Employment Department Group and Office of Population Censuses and Surveys, 1990 ). The classification is hierarchical and we can therefore examine change in terms of any of the three levels of the hierarchy, which are identified by the digits of the SOC code. The full 3-digit code defines a "unit group", of which there are 371. These are divided into 76 SOC minor groups (defined by the first 2-digits of the code), which are in turn divided into nine SOC major groups, defined by the first digit of the code. SOC codes are assigned in the office post-fieldwork by trained coding staff. The code applied therefore depends on the words used by the respondent to describe their job, the words used by the interviewer to record this description, and the code chosen by the coder to best fit the words recorded. There could be a variation in outcome at any one of these three stages, even when the respondent is describing the same job. Campanelli et al (1997) show reliability of between 0.78 and 0.82 across five studies of office occupation coding in the UK (including their own two studies). It therefore seems a priori likely that measurement error would lead to spurious apparent change when using INDI. Our expectation is therefore that DI is likely to reduce the apparent level of change in SOC, as measurement error in the assignation of a SOC code will no longer be independent between interview waves.
The INDI data show that 53% of in-work respondents are assigned a different SOC unit group at the two interviews, compared with 31% who are assigned to different SOC major groups. At each of the three levels of detail, the proportion assigned differently at the two interviews is significantly less (P<0.05) with PDI. And the differences are large in magnitude. The proportions who appear to have changed occupation are less than half those obtained with INDI for both unit groups (3-digit codes) and minor groups (2 digits), and around two-thirds of the INDI proportion for major groups. The estimates of change obtained under RDI lie somewhere between those for INDI and PDI. For 3-digit SOC, the difference between the RDI and INDI estimates of the level of change is of borderline significance (P=0.054). These findings are consistent with our expectations. DI appears to reduce systematic measurement error in measures of change. However, this does not imply that it reduces measurement error in SOC itself -merely that any errors will tend to be consistent.
The other two employment characteristics examined here are both measured as dichotomous indicators: whether the respondent is an employee or self-employed and whether the respondent has managerial or supervisory responsibilities. Our expectation is that the impact of measurement error on estimates of change is likely to be less than for SOC, both because there are now only two categories to choose from and because there is no process of verbatim transcription and coding involved: the answer categories are pre-coded. For both measures we observe that estimated levels of change are lower with PDI (and, in the case of managerial responsibilities, with RDI) but these differences do not reach statistical significance (P<0.05).
Characteristics of employing organisation
The industry sector of the respondent's employer is measured by the Standard Industrial Classification (SIC) (Central Statistical Office, 1992 1 ). As with SOC, this is a hierarchical classification and we investigate change at each level of the hierarchy.
SIC has five levels. There are 17 sections, 60 divisions, 222 groups, and 503 classes, a number of which are further divided into sub-classes (142 sub-classes).
The SIC code (ignoring sub-classes) has four digits. The first two digits define the division and the first three define the group. Sections are defined as ranges of division codes (for example, Section D, manufacturing, consists of divisions 15 to 37). Many groups contain just a single class, with the result that analysis at those two levels produces similar results. The SIC code is based on responses given to the open-ended question, "What does the firm/organisation you work for actually make or do (at the place where you work)?" The process again involves interviewers recording answers verbatim and coders subsequently applying codes in the office.
With INDI, 27% of employed respondents are assigned to a different SIC section at the two interviews, 31% to a different division, 39% to a different group, and 43% to a different class.
At all four levels of SIC, the proportion assigned differently at the two interviews is significantly less (P<0.05) with PDI. And again differences are large in magnitude. 
Is the Reduction in Apparent Change also a Reduction in Measurement Error?
The analysis of section 3 is based on all respondents who were in work at the time of both interviews, regardless of whether or not they may have changed jobs. We cannot therefore be sure whether the reduction in change assessed with PDI should be interpreted as a genuine reduction in measurement error. RDI is less successful in that respect.
The Nature of Change
In this section we assess whether the nature of change differs between treatment groups. We look at two aspects of the nature of change: first, the direction of change and second associations with other characteristics of the respondent's employment.
Direction of change
In this section we explore whether the reduction in spurious change achieved by DI for certain variables is disproportionate across different categories of the variable.
For example, in Table 1 we saw that PDI produces a reduction in the proportion of sample members who have appeared to change occupation, as measured by SOC code. Here we ask whether the spurious change observed with INDI is disproportionately associated with respondents in particular (observed) occupations. Table 2 shows the proportion in each of a number of categories of a variable (as measured at wave 8) for whom a change in category of that variable is observed (at ISMIE). We focus on SOC, SIC and number of employees, the variables for which DI was seen to produce a significant reduction in the overall estimate of levels of change (Table 1 ). Due to sample size restrictions, we have grouped categories of the variables. For example, the first row shows that 30% of INDI respondents who were classified at wave 8 as belonging to SOC major group 1 or 2 (managers, administrators and professional occupations), were classified at ISMIE as belonging to a different SOC major group.
For SOC, there is a suggestion that the reduction in measurement error is particularly great amongst major groups 1-4. This is true both for observed change at the major group level and at the unit group level. For SIC section, the reduction in observed change reaches significance only for respondents in sections D, F or I (manufacturing, construction, hotels and restaurants), though this may partly be because the sample size is larger for this group of sections than any other. But for SIC class, significant, and apparently large, reductions are observed with DI within the three groups of sections (A, C, E), (D, F, I), and (L, M), but not within the other three groups. There is therefore a suggestion that the extent to which DI reduces measurement error varies across the industries in which respondents are employed.
Regarding number of employees, there is a suggestion that spurious change with INDI is greater the larger the number of employees (Table 2) .
Correlates of change
Here we seek to identify employment characteristics (other than the target variable)
that are associated with a tendency for DI to reduce the observed level of change.
We do this for SOC, SIC and number of employees, the variables for which DI produced a significant reduction in the estimate of levels of change (Table 1) . For each of those three variables, we look for associations of the reduction in observed change achieved with DI with the other five employment variables analysed in section 3. We look first at change in the reported number of employees at the workplace (Table   3) . We find that a reduction with PDI in the propensity to report a changed number of employees is associated with having foreman/supervisor status, being employed in the public administration or education sectors, being in a craft or related occupation or a plant or machine operative and working in the public sector. With regard to SOC (Table 4 ), it appears that PDI reduces the observed level of change to a greater extent the greater the reported number of employees at the workplace. Indeed, this has the effect of reversing the observed association between number of employees and change in occupation. With INDI, the proportion of respondents who appear to have changed occupation between waves is greater amongst those employed in large workplaces; with PDI the proportion is greater amongst those in small workplaces. For the other four employment characteristics, apparent associations with the extent of reduction in the observed change in SOC can perhaps largely be explained by differences in sample sizes, with reductions appearing significant for groups with larger sample sizes.
For industry (Table 5) , reduction in observed change at both the section and division level with PDI was associated with being a manager or professional (SOC major groups 1 or 2) and with having foreman or supervisor status. 
Socio-Demographic Correlates
It is of interest to know whether the reduction in estimated levels of change achieved with DI is concentrated amongst certain socio-demographic groups or, alternatively, whether the effect is approximately equal amongst all groups. This may have implications for survey design and for the interpretation of survey findings. In Table   6 we present estimates of the effect of interviewing method separately for subgroups defined by sex, age and level of education. If the estimated level of change is significantly lower with DI in one group (e.g. men) but not in the complementary group (e.g. women), then we can conclude that the effect of DI is disproportionate across the socio-demographic groups.
The observed findings are not completely consistent but two findings stand out.
First, it seems that PDI is less likely to make a difference to estimates of change for respondents aged under 36 than for those aged 36 or over. For all three levels of SIC and for SOC2, a significant reduction in the level of change is observed only for the two older groups. For SOC1, managerial responsibilities, type of organisation and number of employees, a significant reduction is observed for only one of the two older groups. Second, it appears that the effect of PDI is stronger for the most highly qualified respondents than for others. For two variables, managerial responsibilities and SOC3, the same also seems to be true for RDI. As regards sex, DI seems to be more likely to make a difference for men than for women, though differences are inconsistent. There are three measures for which RDI makes a difference for men only. With PDI, there are two measures for which only men are affected (SOC1 and SIC2) and one for which only women are affected (number of employees). 'High' qualifications is defined as at least one 'A' level pass or equivalent; 'Medium' is at least one GCSE, 'O' level, CSE or equivalent pass; 'Low' is no pass at GCSE or equivalent. * indicates 0.05 ≥ P > 0.01; ** 0.01 ≥ P > 0.001; *** 0.001 ≥ P
Summary and Conclusions
Our analyses have demonstrated that the use of PDI results in lower levels of Finally, we investigated demographic correlates of the effect of PDI and found that measurement error was particularly reduced amongst respondents aged 36 or over and amongst the most highly qualified respondents.
In attempting to summarise the nature of the characteristics, both employment and demographic, associated with a propensity for PDI to reduce measurement error in estimates of change, we would suggest that many of these characteristics may be those associated with an increased propensity to have complex jobs, the characteristics of which are difficult to describe. This is likely to be true of more highly qualified people, those in managerial, administrative or professional occupations and those working at large workplaces. The more difficult it is to describe a particular characteristic of a job, the more likely it is that it will be described inconsistently in two survey interviews some time apart. This leads to measurement error in estimates of change. Thus, perhaps what we are observing here is simply that survey respondents who are more prone to measurement error with traditional independent interviewing will be more likely to have reduced measurement error if interviewed using PDI.
An alternative explanation might be PDI reduces the error disproportionately across sample subgroups due to differences in the way the change in interviewing method affects the cognitive processes during the interview. We find no obvious support for this. For example, if this explanation held we might expect to find a greater reduction in measurement error amongst respondents with lower levels of qualifications. We find the opposite. However, we would also note that such an effect might be difficult to identify due to the association of qualifications with employment characteristics.
For example, people with lower qualifications may indeed be prone to greater levels of measurement error other things being equal, only for this effect to be outweighed by the greater tendency of people with lower qualifications to be in occupations that are easy to describe and easy for coders to recognise -i.e. occupations that are prone to lower levels of measurement error.
We conclude that PDI is an effective questioning method for the reduction of measurement error associated with measures of change in employment characteristics. Additionally, we would conclude that measurement error in measures of change from traditional independently-collected interviews is likely to be greater amongst occupations that are difficult to describe consistently. This is likely to include jobs where employees have a range of varied tasks, as opposed to routine
